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DISTRIBUTION AND ABUNDANCE OF SCLERACTINIAN DISEASE IN 
BROWARD COUNTY, FLORIDA. 
(October 14) 
Master’s Thesis at Nova Southeastern University, Oceanographic Center 
 
Abstract: This study was survey of disease distribution and abundance relating 
to coral diseases present in Broward County. Data  
Of the 1330 scleractinian coral individuals found, 88 showed signs of 
disease. 19 coral species, 3 diseases and bleaching were represented. Diseases 
affected 9 of the species. Bleaching was the most common disease noted in this 
survey, followed by dark spot, red band, and yellow band. 
Disease distribution appears to be scattered on the reef system. No 
apparent patterns were found when grouped by reef or corridor locations. MDS 
cluster analysis revealed a clumping of disease, but this was not correlated with 
location. Sites with more disease susceptible species tended to be clumped 
together.  
 Species diversity may play a role in the amount of disease present. Lower 
species diversity may cause an area to me more susceptible to disease. The more 
species located within an area, the less affect a disease affecting a subset of 
species would have. 
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I: Introduction  
According to reef managers in the Florida area, concerns of disease rank 
high (Turgeon et al 2002). Over the past two decades, there has been a worldwide 
increase in coral disease reports. Disease outbreaks can modify the structure and 
composition of reefs by removing abundant and common species. Indirect 
evidence suggests that disease outbreaks in marine environments are becoming 
more frequent (Harvell et al. 1999). Diseases in the Caribbean have a higher 
incidence than those in the Pacific (Work and Raymeyer 2001).  
 
Background on Coral Disease  
Coral diseases have been recorded by 54 different nations, with most 
records from the wider Caribbean, including the reefs in Florida (Green and 
Bruckner 2000). Of the 29 diseases reported in the literature, about 80% of the 
reports are for white-band disease, black band disease, and white plague (Turgeon 
et al. 2002). In the Florida Keys, 26 coral species were recorded to be affected by 
diseases in 1997 (Wheaton et al., 1998). 
  
Black Band Disease 
Black-band disease (BBD), first identified in 1972, occurs at low levels on 
most Western Atlantic reefs although the disease may increase seasonally during 
warm periods. (Figure 1A). Although black-band disease occurs worldwide, 
severe outbreaks have only been reported from the Caribbean, including the U.S. 
reefs (Bruckner 1999). Historically and ecologically, BBD is among the more 
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important coral reef diseases, with 5-6% of susceptible species infected at peak 
times of disease (Edmunds 1991). 
The pathology of BBD is well described (Antonius 1981; Carlton and 
Richardson 1995). In summary, the characteristic black band (5-30mm) wide 
moves across the surface of the coral colony, killing tissues and leaving behind 
bare skeleton. The disease advances several centimeters a week. Exposed coral 
skeleton quickly becomes colonized by green algae. Infection rates increase 
during warm water conditions, but almost disappear during the winter. A higher 
frequency of disease has been reported on coral suffering from environmental and 
physiological stress (Bruckner et al. 1997), although the disease is common in 
areas with little anthropogenic disturbance (Bythell et al, 1993). 
 
Bleaching  
Although not a true disease, bleaching does impair the ability of coral to 
survive. Because of this, bleaching was included in this survey. 
Localized bleaching has been observed since at least the beginning of the 
20
th
 century. However, beginning in the 1980’s, regional and global beaching 
affecting numerous species has occurred on reefs worldwide. Bleaching is usually 
not uniform over single coral colonies within coral communities or across reef 
zones, and some species are more susceptible to bleaching than others under the 
same conditions (Glynn, 1996). Coral bleaching and disease have been 
documented to coincide with elevated water temperatures associated with El Nino 
and La Nina events. In the Caribbean, the El Nino event of 1997-98 coincided 
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with the hottest summer/fall seawater temperatures on record, affecting extensive 
shallow-water reefs off Florida. Elevated water temperatures cause corals to 
bleach, a process characterized by the loss of zooxanthellae from coral tissues. 
Increased ultraviolet irradiance may aggravate the impact of increased 
temperatures (Lesser and Lewis, 1996). Although corals may recover from brief 
episodes of bleaching, prolonged exposure to higher than normal temperatures  
will often cause bleached corals to die (Figure 1B). 
 
Dark Spot Disease 
Dark spot disease (DSD) was first observed in 1990. (Garzon-Ferreira & 
Gil 1998; Goreau et al 1998). DSD is characterized by tissue necrosis observed as 
small dark pigmented areas as well as depressions of the colony surface. This 
affects Stephanocoenia michelinii and Siderastrea siderea, and corals of the 
Montastrea complex throughout the Caribbean. DS tissue and skeleton depression 
ranges from 1 to 4 cm. The color of DS tissue is characteristically a uniform dark 
chocolate brown in S. michelinii, but can range from purple to pink to brown in S. 
siderea with a strong increase in pigmentation towards the edge, and with surface 
depression greatest at the dying edge or center of the lesion. Coral tissue has not 
been observed to recover from DS and algae often colonizes the dead areas 
(Cervino et al 2001). Dark spots do not necessarily imply tissue necrosis (Figure 
1C). 
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Red Band Disease 
Red-band disease (RBD) consists of a narrow band of filamentous cyanobacteria 
that advances slowly across the surface of a coral, killing living tissue as it 
progresses (Bruckner, 2001). RBD affects massive and plating stony corals, and 
also sea fans throughout the wider Caribbean (Figure 1D). 
 
 
White Band Disease 
White-band disease (WBD) has been the most significant cause of 
mortality to staghorn (Acropora cervicornis), elkhorn (Acropora palmata), and 
fused staghorn (Acropora prolifera) corals throughout the Caribbean. Their 
populations declined as much as 95% in the 1980s and early 1990s (Aronson and 
Precht 2000). 
WBD type I has only been reported in Acroporid corals where a white 
band of necrotic tissue moves from the base of the coral tip, leaving behind a bare 
skeleton which is rapidly colonized by algae (Arson and Precht, 2001) This band 
advances up the coral branch at a rate of a few millimeters per day (Antonious, 
1981). The loss of zooxanthellae adjacent to the dying band of tissue in WBD II 
distinguishes WBD I from WBD II (Ritchie and Smith, 1995). The causative 
agent of WBD I has not been identified (Richardson et al., 2001). See Figure 1E. 
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White Plague 
White plague disease was first reported in the Florida Keys (Dustan 1997). 
A new, more virulent form (plague type II) emerged in the mid 1990s, and since 
then outbreaks have occurred in the Florida Keys, southwestern Puerto Rico, 
Culebra Island, and parts of the USVI (Bruckner and Bruckner1997, Richardson 
1998, Hernandez 2001, Miler et al. 2001) Particularly severe outbreaks were also 
observed in the spring an summer of 2001, impacting the important massive reef-
building corals.  
White plague is similar in appearance to WBD, but it affects different 
species. The disease is characterized by an abrupt line or band of white, exposed 
coral skeleton that separates living tissue from algal-colonized skeleton, and often 
a narrow band of bleached tissue may be visible adjacent to exposed skeleton. 
Usually beginning at the base of a colony, it spreads quickly upward and outward. 
White plague may have severe impacts on reef ecosystems, as this disease affects 
a large number of coral species as it kills tissue at rates up to 0.8 inches
2
 a day 
(2cm
2
/day). Plague type I is reported to affect 10 species of corals, causing coral 
tissue mortality at a rate of about 3 mm/day. In Plague type II, up to 2 cm of tissue 
per day succumb to the disease, and small colonies can be decimated within one 
to two days. Thirty-two species are reported to be affected by this condition 
(Richardson, 1998). Plague type III affects the largest reef-building corals, 
including C. natans and M. annularis, and tissue loss is much greater than that 
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observed in either plague type I or plague type II (Richardson and Aronson, in 
press). See Figure 1F. 
 
Yellow Blotch 
Yellow blotch is characterized by large rings or patches of bleached, 
yellow tissue on Caribbean scleractinian corals. It affects Montastrea annularis, 
M. faveolata, and Colpophyllia natans. YBD was first identified in 1994 in the 
lower Florida Keys and is know widespread throughout the Caribbean (Green and 
Bruckner, 2000).  
Yellow blotch disease begins as pale, circular blotches of translucent 
tissue or as a narrow band of pale tissue at the colony margin, with affected areas 
surrounded by normal tissue. As the disease progresses, the tissue first affected in 
the center of the patch dies, and exposed skeleton is colonized by algae 
(Bruckner, 2001). Tissue loss is slow, at a rate of cm/month. No pathogen has 
been discovered, although loss of zooxanthellae pigments and zooxanthellae cells 
in affected tissue have been documented (Cervino et al., 2001) See Figure 1G. 
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A)      B)  
 
C)        D)  
 
E)       F)  
 
G)       
Figure 1: A) Stephanocoenia intersepta with BBD. B) D. labyrinthiformis with partial bleaching. 
C) Siderastrea siderea with DSD. D) Stephanocoenia intersepta with RBD. E) Acropora palmata 
with WBD. F) Meandrina meandrites with white plague. G) M. faveolata with YBD. Photos 
courtesy of Andy Bruckner, NOAA Fisheries. 
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Broward County Reefs 
High-latitude reef communities consisting of typical Caribbean fauna of 
variable composition and density exist on four parallel ridges at varying depths 
along the Broward County, Florida coast. Past studies have shown scleractinian 
coral cover to be low (<6%) in all areas, and Montastrea cavernosa as the 
dominating hermatypic scleractinian (Moyer et al, 2003).   
 
Purpose of the Study 
The purpose of this study was to: 
1) Determine which diseases are affecting coral species within the Broward 
County limits 
2) Determine the frequency of occurrence for diseases. 
3)  Determine if the mean colony size was lower on diseased colonies.  
4) Determine if the coral community of Broward County has a higher 
incidence of disease in the southern part of the county when compared to 
north. 
5) Determine if the coral community of Broward County has an increased 
incidence of disease in shallower locations, i.e. first reef. 
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III: Methods 
Study Area & Site Selection  
 The Broward County Reef Mapping project was originally 
designed to study ecological patterning in Broward County benthic communities. 
Sites for this study were chosen based on information derived from 
reconnaissance dives, available biological information, high-resolution 
bathymetry, acoustic sampling, classification data, and existing data from 
biological monitoring reports and bathymetric maps from Broward County. 
Department of Planning and Environmental Protection. Dive sites were chosen in 
the north, central, and southern portions of Broward County (Figure 2). Within 
each corridor, ecological transect data was collected using methods from the Reef 
Mapping Project. A total of 108 random sites were chosen from the four 
hierarchical areas. On each of the three reefs, sites were selected that sampled the 
reef edges, the reef slopes, and the reef crests. Transects were oriented parallel to 
the shore in a north-south position. The data set generated included information 
on depth, rigosity, slope, sediment depth, and the photos of the benthic 
community using methods from the Reef Mapping Project (Dodge, 2003). A 
portion of the data set from this project was reviewed to determine coral disease 
coverage within Broward County. 
From 108 dive sites, 33 were chosen for scleractinian disease analysis 
(Table 1). Sites were chosen to capture an east-west cross section of the reef 
corridor. All reefs present within the corridor are represented in the cross section. 
Reefs were sampled on the inner edge (E), ridge(R), and outer slope (S). 
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North corridor  
The north corridor is the northern most study site, located north of the 
Hillsborough Inlet to the northern county line. Three distinct reef structures, 
separated by sand, occur in the North corridor, as illustrated in Figure 3. The ridge 
complex is the narrow structure closest to shore. The middle reef is the second 
structure from the shoreline.  The third structure out from shore is the outer reef is 
the deepest reef of the corridor. The outer reef is seen with distinct gaps in this 
area. The highlighted sites in Figure 2 were assessed for disease. These sites were 
chosen to because they formed an east-west transect through the corridor, 
encompassing all represented reefs in the area. 
 
Central Corridor 
 The central corridor is located north of Port Everglades to South of 
Hillsborough Inlet (Fig. 4). This corridor contains four distinct reef structures. 
The closest to shore and the shallowest is the ridge complex. The inner reef is the 
second structure from shore. The third structure from shore is the middle reef, the 
outer reef is the fourth structure from shore. These sites were chosen to because 
they formed an east-west transect through the corridor, encompassing all 
represented reefs in the area. 
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South Corridor  
 South Corridor is the southernmost study area, located south of 
Port Everglades to the southern county line. Four distinct structures are also seen 
in this corridor (Fig. 5). The ridge structure is the closest to shore. The inner, 
middle, and outer reefs are continuous of the reefs in the Central Corridor. These 
sites were chosen to because they formed an east-west transect through the 
corridor, encompassing all represented reefs in the area. 
 
Within each corridor, ecological transect data was collected using methods 
from the Reef Mapping Project. A total of 108 random sites were chosen from the 
four hierarchical areas. On each of the three reefs, sites were selected that 
sampled the reef edges, the reef slopes, and the reef crests. Transects were 
oriented parallel to the shore in a north-south position (Dodge, 2003) 
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a.  Northern Corridor 
b.  Central Corridor 
c.  Southern Corridor 
CMS3 
CMS3 
SRC2 
SMS1 
 
Figure 2: Composite of reef study area, consisting of aerial photographs merged with  a sun-
shaded Laser Airborne Depth Sounder (LADS) image, showing the location of the three corridors 
sampled in this study. Map courtesy of Brian Walker and Broward County DPEP. 
 
 
 
 
 
 
 
 - 13 -  
Table 1: Site location, site coordinates, and sampling dates for all 33 analyzed locations. 
Corridor Site Name Location Latitude Longitude  Date Sampled 
North NRE3 north ridge edge 26 17.9380055 80 04.4900756 7/21/2004 
 NRC3 north ridge crest 26 17.9379533 80 04.4819872 7/21/2004 
 NRS3 north ridge slope 26 17.9378612 80 04.4677132 8/1/2004 
 NME2 north middle edge] 26 17.9025136 80 04.1092051 5/22/2005 
 NMC2 north middle crest 26 17.9056947 80 04.0706370 5/22/2005 
 NMS2 north middle slope 26 17.9056691 80 04.0006866 5/22/2005 
 NOE2 north outer edge 26 17.9885198 80 03.6831064 8/6/2004 
 NOC2 north middle crest 26 17.9883640 80 03.6593156 8/1/2004 
 NOS2 north outer slope 26 17.9900953 80 03.5960125 8/6/2004 
Central CRE3 central ridge edge 26 10.6920039 80 05.6154408 8/18/2004 
 CRC3 central ridge crest 26 10.6898323 80 05.5045253 3/20/2005 
 CRS3 central ridge slope 26 10.6902323 80 05.3348611 8/11/2005 
 CIC 2 central inner crest 26 10.3790545 80 05.2410351 7/25/2005 
 CIE2 central inner edge 26 10.3803079 80 05.2067697 7/28/2004 
 CIS2 central inner slope 26 10.3826829 80 05.1170311 8/4/2004 
 CME1 central middle edge 26.10.2754292 80 04.9172238 5/14/2005 
 CMC1 central middle crest 26 10.2749295 80 04.8389273 5/14/2005 
 CMS1 central middle slope 26 10.2761934 80 04.8062923 5/14/2005 
 COE1 central outer crest 26 10.2747310 80 04.5779278 3/19/2005 
 COC1 central outer edge 26 10.2746054 80 04.5583537 7/11/2004 
 COS1 central outer slope 26 10.2742388 80 04.5012631 3/19/2005 
South SRE2 south ridge edge 26 00.4899071 80 06.4962611 7/9/2004 
 SRC2 south ridge crest 26 00.4896578 80 06.4558534 7/3/2004 
 SRS2 south ridge slope 26 00.4895330 80 06.4356487 4/15/2005 
 SIE3 south inner edge 26 00.5045954 80 06.1875586 8/24/2004 
 SIC3 south inner crest 26 00.5040937 80 06.1067396 8/24/2004 
 SIS3 south inner slope 26 00.5020124 80 06.0387911 8/20/2004 
 SME3 south middle edge 26 00.5036301 80 05.7777636 6/17/2005 
 SMC3 south middle crest 26 00.5047809 80 05.7189462 6/18/2005 
 SMS3 south middle slope 26 00.5046442 80 05.6971048 9/9/2005 
 SOE2 south outer edge 26 00.5615226 80 05.3253297 6/15/2004 
 SOC2 south outer crest 26 00.5627021 80 05.2715517 6/11/2004 
  SOS2 south outer slope 26 00.5609503 80 05.2346007 6/22/2004 
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Figure 3: Shaded relief image created from LADS imagery showing reef position. The transect 
sites boxed in red for the north corridor. 
 
 
 
Figure 4: Shaded relief image created from LADS imagery showing reef position. The transect 
sites boxed in red for the central corridor. 
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Figure 5: Shaded relief image created from LADS imagery showing reef position. The transect 
sites boxed in red for the southern corridor. 
 
 
 
 
Ecological Data Collection - (Broward County Reef Mapping Project) 
Field data was collected between depths of 3 to 30 meters. A 4x3 meter 
rope grid was constructed on the sea floor to use as guidance (Fig. 6). Divers 
collected data by taking a series of digital photos with a quadropod frame of 0.5 x 
0.75 meters.  Each grids data consisted of 32 (.5 x 0.75 m) photos for easier 
analysis (Fig. 7). The 4x3 meter square enabled the evaluation of larger scale 
patterns of disease. At each site, both 4x3 meter grids were be analyzed, giving a 
total area of 2 (4 x 3m) at each site, and 64 - 0.5 x 0.75 m photoframes at each 
site. 
Survey period encompassed the time between June 2004 and September 
2005. Refer to Table 1 for survey dates. 
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Figure 6: Quadrant orientation and layout. 
 
 
 
Figure 7: Composition of photos from site SRS 2, quad 2. Photos combined in Photoshop. Photos 
courtesy of National Coral Reef Institute, taken for the Broward County Reef Mapping Project. 
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Statistical Analysis 
Data analysis for coral disease occurred on a 33 of the total 108 sites. A 
transect line for the north, central, and southern corridors was drawn from east to 
west to pick the transect points. 
 
Data was initially analyzed using Sigma Scan Pro 5.0 in conjunction with 
Photoshop to determine area, disease, and species of coral (Figures 8a and b). 
Both diseased and live areas were measured. An outline of the coral individual 
was traced in Sigma Scan Pro and the program calculated the area. Individual 
corals were identified to species Reef Coral Identification (Humann and Deloach, 
2002). All of the pictures were grouped according to site. Both quadrats from 
each site were viewed and data from both quadrats at a site was combined. From 
this data, total coral area cover, % live area cover, % diseased (defined as 
diseased, bleached and/or dead), coral species, abundance, and mean colony size 
were determined. 
 
   
Figure 8: (a) SigmaScan Pro program used to analyze quadrat photos. (b) Red overlay on M. 
cavernosa is used to determine area. (Photos courtesy of NCRI). 
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The percentage of diseased coral was determined from the photos, as well 
as the specific area that was diseased.  The specifically diseased area was 
determined by measuring only the diseased area on the particular coral in 
comparison to the whole coral area, both living and dead. All diseases were 
identified only for colonies containing recently active lesions with obvious signs 
of a specific disease. Those lesions that could not be identified or had been 
overgrown with algae were not scored. Diseases that were identified included 
Black Band Disease, Bleaching, Dark Spot, White Band Disease, White Plague, 
and Yellow Blotch Disease. Specific colors, patterns, and the species on which 
the discoloration occurred were used to determine the disease. Reef Coral 
Identification (Humann and DeLoach, 2002), The State of Coral Reef Ecosystems 
(NOAA, 2002 and 2005) and the Field Guide to Coral Disease and Other Coral 
Mortality (NOAA) were used for identification reference. 
Analysis was determined using SPSS and Excel for correlating factors of 
reef, site, coral size, coral species, and disease. Statistics were calculated for each 
site and reef and statistically compared against the one another for differences in 
coral disease presence. Tests reviewing coral and coral disease included the 
following – coral cover and abundance, disease cover and abundance, t-test, 
analysis of variance.  
Primer v.5 (Primer-E Ltd. Plymouth, UK) was used to determine standard 
diversity measures. Diversity measures were calculated for each site and for all 
sites within a corridor or reef. In order to reduce sample size limitations and 
reduce sample size bias, diversity statistics were calculated from the pooled data 
 - 19 -  
set for each corridor or reef. This data set was used to determine if there were any 
correlations between the diversity and richness of a reef or corridor and the health 
of coral. 
The diversity indices that were calculated included the total number of 
species (S), the total number of individuals (N), Margalef’s richness index (d), 
Piclou’s evenness index (J’), Shannon-Wiener diversity index (H’), and 
Simpson’s diversity index (1-λ). The variety of indices was uses since not every 
diversity index performs well under a given sample size and each index measures 
a different component of species diversity (Clarke and Warwick, 2001). 
 
Methods for calculation of diversity indices and advantages of each were (Clarke 
and Warwick, 2001): 
1) Margalef’s species richness index D=(S-1)/InN. S=total number of 
species, N=total number of individuals. Margalef’s indices reflects species 
richness. Its advantage is its simplicity of use. 
2) Shannon-Wiener diversity index: H’=-Σpi In pi, where pi=ni/N. Ni is the 
proportion of within the i-th species, or the frequency of the i-th species 
over the total in all species. The Shannon-Wiener index is derived from 
information theory and widely used in ecological studies, so it was 
included here. This index is biased towards the rare species. It is sensitive 
to sample size and more powerful with a larger sample size. 
3) Pielou’s evenness measure for the Shannon-Weaver diversity index: 
E=H’/H’max=H’/InS.  Pielou’s evenness index measures species 
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distribution equitability for Shannon’s index.  It takes the highest value 
when all species have the same abundance. 
4) Simpson’s diversity index: 1-λ’, where λ’=Σ[ni(ni-1)/N(N-1)].This is 
reliable and unbiased in small sample sizes preferable to the Shannon-
Wiener diversity index (H’). Simpson’s diversity index acts as an 
evenness index and takes the highest value when all species have the same 
abundance.  
 
Cluster analysis and non-metric multidimensional scaling (MDS) were 
used to determine health patterns between sites and species present, 
specifically used to determine if diseased and bleached communities would 
clump near to each other. Cluster anlaysis seeks to arrange samples in “natural 
groupings” where samples in a given group are more similar than samples in 
another group. In order to test this, methods of Clarke and Warwick (2001) 
were used: 
1) The data was entered into a spreadsheet with the general form of 
(coral species*site name). Each site was considered a sample and 
entered as one column. Data used was the number of coral 
individuals found at each site. 
2) Differences in extremely common and rare species can cause 
undesirable effects in multivariate analysis. In order to lessen these 
effects, data was transformed prior to analysis. The fourth root 
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transformation was used to diminish the weight of the dominant 
species, but not diminish the importance of uncommon species. 
3) The data matrix was transformed into a site*site matrix using the 
Bray-Curtis similarity. This formed a triangular matrix using site 
pairs based on the species abundance. The cluster analysis and 
MDS were calculated from this matrix.  
After the primary MDS analysis a second-level of analysis was performed. The 
first overlayed the reef, ridge, and corridor information of the site onto the MDS 
plot in order to determine if community clumping occurred. The second 
overlaying 2-d circles on the sites using the amount of coral disease or bleaching 
to determine if clustering occurred. The bubbles correlate to the frequency of 
disease or bleaching. A larger the numerical value results in a larger bubble 
(Clarke and Warwick, 2001). 
 The stress levels for the MDS analysis are shown in the top right hand 
corner of the plot. This indicates how difficult it was for the analysis to translate 
the true distance from the Bray-Curtis similarity into a 2-dinensional space for the 
MDS plot. According to Clarke and Warwick (2001) the following stress level 
guidelines should be considered: Stress levels less than 0.05 are indicative of a 
plot with excellent representation and no chance of misinterpretation. A stress 
value less than 0.10 indicate good orientation and little chance of 
misinterpretation. A stress value of less than 0.20 indicates a plot with useful 
information but a greater chance of misinterpretation. Values between 0.20 and 
0.30 are generally considered acceptable but conclusions should be referenced 
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against other methods. Values greater than 0.30 represent an arbitrary 
arrangement. 
The output of cluster analysis is also displayed as a dendrogram. This is 
based on the triangular output of the Bray-Curtis similarity. The similarity of each 
pair are calculated, those individual samples that are more closely related are 
linked more closely together (Clarke and Warwick, 2001). 
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IV: Results  
 
Reef Summary  
 33 sites were surveyed covering the inshore ridge and the reef complex, 
spanning north to south along the Broward County line. A total area of 792m
2
 was 
analyzed for scleractinian coral and disease presence. Analysis found 1330 
individual corals representing 19 species (Table 2). Of the 1330 individuals 
found, 88 individual corals were found to show signs of disease or bleaching 
(Table 3). Scleractinian coral covered an area of 12.1m
2
, equivalent to 1.5% of the 
surveyed area.  Diseased and bleached corals accounted for 6.62% of the 
individuals and >2% of the surface area. 
 
Table 2: Summary of coral species, individuals, and area found in analysis. 
 
Type of Coral 
# of 
Individuals 
Area of 
Coral cm2 
Acropora cervicornis 6 2761.98 
Agaricia agarities 5 2614.12 
Agaricia humilis 1 52.31 
Agaricia lamarcki 4 120.62 
Colpophyllia natans 4 499.16 
Dichocoenia stokesii 20 1734.59 
Diploria labrynthiformis 4 48.31 
Diploria strigosa 12 7871.16 
Eusmilla fastigiata 1 12.29 
Madracis dectactis 10 369.01 
Meandrina meandrites 59 4581.31 
Montastrea cavernosa 244 57389.17 
Montastrea complex 32 19774.29 
Mycetophyllia daniana 1 15.06 
Mycetophyllia lamarckiana 1 114.47 
Porites asteroides 90 3844.02 
Siderastrea siderea 500 8301.497 
Solenastrea bournoni 133 6938.95 
Stephanocoenia intersepts 203 3966.44 
Total 1330 121008.76 
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Diseases Present  
Analysis revealed three diseases and coral bleaching affecting 
scleractinian coral species in Broward County. Bleaching affected the most coral, 
including 69 of the 88 corals (78%), or 5% of the total corals surveyed (Table 3). 
Diseases noted included dark spot, red band and yellow blotch that affected less 
than 1% of the total coral surveyed (respectively 0.75%, 0.23%, and 0.45%,). 
 
Table 3: Number of individuals found with a specific disease, the percent diseased coral the 
disease accounted for, and the percentage of the total coral surveyed that the disease afflicted.   
Disease # Individuals % of 
Diseased 
Coral 
% of Total 
Coral 
Surveyed 
Bleaching 69 78.41 5.19 
Dark Spot 10 11.36 0.75 
Red Band 3 3.41 0.23 
Yellow Blotch 6 6.82 0.45 
Table 4: Number of diseased corals found in each corridor and reef. 
Disease Total North Central South Ridge Inner Middle Outer 
Bleaching 69 27 22 20 6 12 34 17 
Dark Spot 10 3 4 3 1 6 3 0 
Red Band 3 1 2 0 0 0 1 2 
Yellow Blotch 6 2 0 4 0 1 3 2 
 
 
An analysis of the area of diseased coral found that bleaching also affected 
the most coral surface area, affecting 1846cm
2
. Bleaching affected 79% of the 
area of the diseased corals, or 1.5% of all coral area surveyed (Table 5 and 6). The 
diseased area of affected corals was similar to the individual coral analysis, with 
dark spot covering the most area, followed by red band and yellow blotch disease 
(Table 4). 
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Table 5: Area that specific diseases accounted for, the percentage of the entire diseased area that 
the disease made up, and the percentage of the entire area surveyed that the disease accounted for. 
Disease Area of 
Disease 
(cm
2
) 
% of Diseased 
Area 
% of Total 
Coral Area 
Bleaching 1846.31 79.15 1.53 
Dark Spot 258.03 11.06 0.21 
Red Band 15.11 0.65 0.01 
Yellow Blotch 213.28 9.14 0.18 
 
Table 6: Disease area summary by corridor and reef. 
Disease Total North Central South Ridge Inner Middle Outer 
Bleaching 1846.31 1225.6 351.12 269.59 167.2 163.59 1068.06 447.46 
Dark Spot 258.03 28.59 130.56 98.88 1.06 228.38 28.59 0 
Red Band 15.11 7.2 7.91 0 0 0 2.27 12.84 
Yellow Blotch 213.28 48.42 0 164.86 0 18.49 58.25 136.54 
 
 
Corals Species Affected  
 Of the 19 species represented in the study area, 9 were affected with 
bleaching or disease. Siderasterea siderea was the most affected coral, with 41 
individuals with bleaching and 10 with dark spot disease (Table 7).  
 
Table 7: Type of coral, type of disease, the number of times this matching occurred, and the area 
affected by the disease. 
Type of Coral Type of Disease #  of Occurrences Diseased 
Area (cm
2
) 
Colpophyllia natans Bleaching 1 9.73 
Diploria strigosa Bleaching 2 143.44 
Madracis dectactis Red band 1 2.27 
Meandrina meandrites Bleaching 6 949.97 
Montastrea cavernosa Bleaching 4 95.59 
Montastrea cavernosa Yellow blotch 5 203.45 
Montastrea complex Bleaching 1 180.45 
Montastrea complex Yellow blotch 1 9.83 
Porites asteroides Bleaching 4 15.52 
Porites asteroides Red band 2 12.84 
Siderasterea siderea Bleaching 41 405.98 
Siderasterea siderea Dark spot 10 258.03 
Stephanocoenia intersepts Bleaching 10 45.5 
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 Diseased corals were analyzed according to the number of total 
individuals of that species and the total area the species covered.  
 
% Diseased Individuals = # diseased individuals / # of individuals in 
species group 
 
% of Species Area = diseased area / total area of species coverage 
 
 Colpophyllia natans shows the greatest percentage of individuals being diseased 
(1 out of 4, or 25%), although the % of area that disease covers is only 8.07% 
(9.73 cm
2
 / 2761.98 cm
2
) of the species total. Montastrea cavernosa has the 
smallest percentage of diseased individuals (3.96%) along with the smallest 
percentage of diseased area when compared with the total amount of species area 
(0.52%). M. cavernosa was found to be the most abundant species, but it had a 
low area of disease (Table 8).   
 
 
Table 8: Diseased coral species, percentage of diseased individuals, and % of diseased species 
area. 
Type of Coral % Diseased 
Individuals 
% of Species 
Area 
Colpophyllia natans 25.00 8.07 
Diploria strigosa 16.67 1.82 
Madracis dectactis 10.00 0.62 
Meandrina meandrites 10.17 20.74 
Montastrea cavernosa 3.69 0.52 
Montastrea complex 6.25 0.96 
Porites asteroides 6.67 0.74 
Siderasterea siderea 10.20 8.00 
Stephanocoenia intersepts 4.93 1.18 
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Mean colony size  
Mean colony size was determined for the groups of diseased corals (n=88) and 
non-diseased corals (n=1245) to determine if there was a difference in means for 
the two groups. No difference between the means was found for the two groups 
(Table 9). 
 
Table 9: T-Test for difference in mean between diseased and non-diseased corals. 
Healthy Corals  Diseased Corals 
         
Mean 90.53648755  Mean 96.50489 
Standard Error 7.817401212  Standard Error 21.12203 
Median 15.21  Median 26.435 
Mode 0.01  Mode 19.3 
Standard Deviation 275.8335428  Standard Deviation 198.1422 
Sample Variance 76084.14334  Sample Variance 39260.32 
Kurtosis 50.94969809  Kurtosis 22.77933 
Skewness 6.45489942  Skewness 4.373596 
Range 3529.21  Range 1346 
Minimum 0.01  Minimum 0.04 
Maximum 3529.22  Maximum 1346.04 
Sum 112717.927  Sum 8492.43 
Count 1245  Count 88 
Confidence Level(95.0%) 15.3367329  Confidence Level(95.0%) 41.98235 
 
T Test for mean difference diseased and non 
diseased coral areas 
  
Data 
Hypothesized Difference 0 
Level of Significance 0.05 
Population 1 Sample   
Sample Size 1245 
Sample Mean 90.53 
Sample Standard Deviation 275.83 
Population 2 Sample   
Sample Size 88 
Sample Mean 96.05 
Sample Standard Deviation 198.14 
  
Intermediate Calculations 
Population 1 Sample Degrees of Freedom 1244 
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Population 2 Sample Degrees of Freedom 87 
Total Degrees of Freedom 1331 
Pooled Variance 73675.29 
Difference in Sample Means -5.52 
t-Test Statistic -0.18437 
  
Two-Tailed Test   
Lower Critical Value -1.96175 
Upper Critical Value 1.961748 
p-Value 0.853752 
Do not reject the null hypothesis   
 
 
 
Hypothesis 1 
The North, Central, and Southern corridors span different latitudes, but all 
contain reefs or ridges that connect the areas. Using coral area data and individual 
coral counts, disease data was combined for each reef in order to test the 
following hypothesis: 
H1:  The coral community of Broward County will not have a different 
incidence of disease in the southern part of the county when compared to 
the northern sites. 
H2: The coral community of Broward County will have a different 
incidence of disease in the southern part of the county when compared to 
the northern sites. 
In order to test this hypothesis, the following tests were performed: 
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1) Using percentages of healthy and diseased coral per site, comparing North, 
Central, and South corridors. 
An analysis of variance was performed to determine differences in coral disease 
based on the combined percentages of diseased corals for each corridor (Table 10 
and 11). No difference was found in the percentage of diseased coral from the 
north, central, and south corridors (p=.08) (Table 11). 
 
Table 10: Percentage of diseased coral for North, Central, and South Corridor sites, used for 
ANOVA and Tukey-Kramer analysis. 
North Central South 
22.22% 12.82% 7.25% 
16.67% 6.52% 0.00% 
8.77% 17.65% 11.54% 
9.68% 19.35% 6.49% 
4.17% 0.00% 4.35% 
15.38% 8.33% 8.06% 
0.00% 10.00% 3.85% 
1.14% 18.18% 0.00% 
1.41% 8.70% 4.35% 
 0.00% 0.00% 
 0.00% 2.86% 
 22.22% 1.61% 
 
Table 11: ANOVA summary for percentages of diseased corals combined for corridor 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 0.024076 2 0.012038 2.71741 0.082293 3.315833 
Within Groups 0.132901 30 0.00443    
       
Total 0.156977 32         
 
Table 12: Tukey-Kramer analysis of percentages of diseased coral per corridor. 
 Absolute Std. Error Critical    
Comparison Difference of Difference Range Results   
Group 1 to Group 2 0.014887 0.02075325 0.0798 Means are not different 
Group 1 to Group 3 0.046298 0.02075325 0.0798 Means are not different 
Group 2 to Group 3 0.061185 0.01921377 0.0739 Means are not different 
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2) Using the area of healthy and diseased coral individuals (percentage of 
disease area per site), comparing North, Central, and South corridors. 
An analysis of variance was performed to determine differences in coral disease 
based on the combined percentages of diseased area for each corridor (Table 13 
and 14). No difference was found in the percentage of healthy coral from the 
north, central, and south corridors (p=0.22) (Table 15). 
 
Table 13: Combined percentages of diseased area per site for the North, Central, and South 
corridors for use in Tukey-Kramer analysis. 
North Central South 
37.95% 7.51% 0.51% 
3.30% 6.92% 0.00% 
1.17% 5.81% 3.36% 
8.90% 3.07% 1.53% 
1.10% 0.00% 1.19% 
4.11% 0.36% 1.29% 
0.00% 0.16% 4.78% 
2.60% 18.32% 0.00% 
0.28% 3.18% 0.45% 
 0.00% 0.00% 
 0.00% 1.63% 
  13.97% 0.00% 
 
Table 14: ANOVA analysis of diseased area per site for corridors. 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 0.016367 2 0.008184 1.549413 0.228892 3.315833 
Within Groups 0.158452 30 0.005282    
       
Total 0.17482 32         
 
Table 15: Tukey-Kramer analysis of diseased area per site for corridors. 
 Absolute Std. Error Critical    
Comparison Difference of Difference Range Results   
Group 1 to Group 2 0.016611 0.0226606 0.0871 Means are not different 
Group 1 to Group 3 0.053736 0.0226606 0.0871 Means are not different 
Group 2 to Group 3 0.037125 0.02097964 0.0807 Means are not different 
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3) Using the number of diseased and total coral individuals per site, 
comparing North, Central, and South corridors. (Disease presence / absence). 
The total number of corals and diseased corals were compared for each corridor 
(p=0.006) (Table 16 and 17). Tukey-Kramer analysis of the sites revealed no 
difference in means between sites 1:2 and sites 1:3, but did reveal a difference of 
means between sites 2 and 3 (Table 18). The number of individual corals in the 
central corridor (n=265) was much less than at the south corridor (n=573), 
however both sites had a similar number of diseased corals (n=28 and 27, 
respectively) (Table 16). 
 
Table 16: Summary analysis for the number of diseased and total individuals in the North, 
Central, and South Corridors. “Count” is the number of corals found in the corridor. “Sum” 
represents the number of diseased corals found in the corridor. 
 
Groups Count Sum Average Variance 
NORTH 492 33 0.067073171 0.062701803 
CENTRAL 265 28 0.105660377 0.094854202 
SOUTH 573 27 0.047120419 0.044978582 
 
Table 17: ANOVA analysis. 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 0.621600118 2 0.310800059 5.057046322 0.006488 3.002505 
Within Groups 81.55584349 1327 0.061458812    
       
Total 82.17744361 1329         
 
Table 18: Tukey-Kramer analysis. 
 Absolute Std. Error Critical    
Comparison Difference of Difference Range Results   
Group 1 to Group 2 0.038587 0.01335733 0.0448 Means are not different 
Group 1 to Group 3 0.019953 0.01077437 0.0362 Means are not different 
Group 2 to Group 3 0.05854 0.01302263 0.0437 Means are different 
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4) Using amount of diseased area per coral, comparing North, Central, and 
South corridors. 
 
The total number of coral individuals was compared to amount of diseased area 
for the corridor (Tables 19 and 20). Tukey-Kramer analysis of the corridors 
revealed no difference between the means of the sites (p=0.33) (Table 21).  
 
Table 19: Summary of diseased area per corridor and the number of coral individuals found in 
each corridor. 
Corridor Individuals 
Diseased 
Area 
North 492 1309.81 
Central 265 487.66 
South 573 535.13 
 
Table 20: ANOVA analysis. 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 793.1695 2 396.5848 1.093791 0.335246 3.002505 
Within Groups 481141.3 1327 362.5782    
       
Total 481934.5 1329         
 
Table 21: Tukey-Kramer analysis of the diseased area compared to the number of individuals 
found in each corridor.  
 Absolute Std. Error Critical    
Comparison Difference Of Difference Range Results   
Group 1 to Group 2 0.821989 1.025955 3.4431 Means are not different 
Group 1 to Group 3 1.728306 0.8275625 2.7773 Means are not different 
Group 2 to Group 3 0.906317 1.00024784 3.3568 Means are not different 
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Hypothesis 2 
The reef and ridge structure of Broward County consists of 4 separate and distinct 
structures. The ridge, inner, middle, and outer reefs all occur at specific depths in 
relation to each other. The ridge is the shallowest. The inner reef occurs in 3-4 m 
of water, the middle in 6-8 m., and the outer in 15-21m. of water. Using coral area 
data and individual coral counts, disease data was combined for each reef or ridge 
to test if disease occurrence differed between groups. To test if disease occurrence 
differed between the ridge, inner, middle and outer reefs, the following hypothesis 
was proposed:  
H2: The coral community of Broward County will not have a different 
incidence of disease in shallower locations 
H2o: The coral community of Broward County will have a different  
incidence of disease in shallower locations 
In order to test this hypothesis, the following tests were performed: 
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1) Using percentages of diseased coral per site, comparing Ridge, Inner, 
Middle, and Outer reefs. 
An analysis of variance was performed to determine differences in coral disease 
based on the combined percentages of diseased corals for each reef and ridge 
(Table 22). No difference was found in the percentage of diseased coral from the 
ridge, inner, middle, and outer reefs (p=0.14) (Tables 23 and 24). 
Table 22: Percentage of diseased coral for the Ridge, Inner, Middle, and Outer Reef sites for 
Tukey-Kramer analysis. 
Ridge Inner Middle Outer 
12.82% 19.35% 10.00% 0.00% 
6.52% 0.00% 18.18% 0.00% 
17.65% 8.33% 8.70% 22.22% 
7.25% 22.22% 9.68% 0.00% 
0.00% 16.67% 4.17% 1.14% 
11.54% 8.77% 15.38% 1.41% 
 6.49% 3.85% 0.00% 
 4.35% 0.00% 2.86% 
  8.06% 4.35% 1.61% 
 
Table 23: ANOVA anlaysis. 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 0.026558 3 0.008853 1.968459 0.140751 2.93403 
Within Groups 0.130419 29 0.004497    
       
Total 0.156977 32         
 
Table 24: Tukey-Kramer analysis of percentages of diseased coral per reef. 
 Absolute Std. Error Critical    
Comparison Difference of Difference Range Results   
Group 1 to Group 2 0.011771 0.02499229 0.0975 Means are not different 
Group 1 to Group 3 0.010401 0.02499229 0.0975 Means are not different 
Group 1 to Group 4 0.060471 0.02499229 0.0975 Means are not different 
Group 2 to Group 3 0.022172 0.02235378 0.0872 Means are not different 
Group 2 to Group 4 0.072242 0.02235378 0.0872 Means are not different 
Group 3 to Group 4 0.05007 0.02235378 0.0872 Means are not different 
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2) Using the area of healthy and diseased coral individuals (percentage of 
disease per site), comparing Ridge, Inner, Middle, and Outer reefs. 
An analysis of variance was performed to determine differences in coral disease 
based on the combined percentages of diseased area for each reef and ridge site 
(Table 25). No difference was found in the percentage of diseased coral from the 
reef and ridge sites (p=0.84) (Tables 26 and 27). 
 
Table 25: Combined percentages of diseased area per site for the ridge, inner, middle, and outer 
reef sites for use in Tukey-Kramer analysis. 
Ridge Inner Middle Outer 
0.00% 7.61% 0.44% 0.11% 
43.40% 4.13% 0.06% 1.94% 
10.46% 1.90% 5.11% 31.07% 
0.00% 0.27% 4.11% 3.94% 
0.67% 2.61% 1.10% 1.87% 
0.52% 0.35% 7.27% 0.00% 
0.00%  2.13% 0.87% 
2.00%  1.34% 0.00% 
0.00%   3.08% 0.11% 
 
Table 26: ANOVA analysis. 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 0.007255 3 0.002418 0.277039 0.84148 2.93403 
Within Groups 0.253146 29 0.008729    
       
Total 0.260401 32         
 
Table 27: Tukey-Kramer analysis of diseased area per site for reef and ridge summary. 
 Absolute Std. Error Critical    
Comparison Difference of Difference Range Results   
Group 1 to Group 2 0.035279 0.03481933 0.1358 Means are not different 
Group 1 to Group 3 0.036035 0.03114335 0.1215 Means are not different 
Group 1 to Group 4 0.019042 0.03114335 0.1215 Means are not different 
Group 2 to Group 3 0.000756 0.03481933 0.1358 Means are not different 
Group 2 to Group 4 0.016236 0.03481933 0.1358 Means are not different 
Group 3 to Group 4 0.016992 0.03114335 0.1215 Means are not different 
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3) Using the number of diseased and total coral individuals per site, 
comparing Ridge, Inner, Middle, and Outer reefs. (Disease presence / 
absence). 
The total number of corals and diseased corals were compared for each reef and 
ridge (Table 28). Tukey-Kramer analysis of the sites revealed a difference in 
means between the ridge and inner reefs (1:2), the ridge and middle reef (1:3), and 
the ridge and outer reef (1:4). No difference in means was found between the 
inner and middle reefs (2:3), the inner and outer reefs (2:4), and the middle and 
outer reefs (3:4) (p=6.17E-06) (Tables 29 and 30). 
Table 28: Summary analysis for the number of diseased and total individuals in the ridge, inner, 
middle, and outer reefs. “Count” is the number of corals found in the corridor. “Sum” represents 
the number of diseased corals found in the corridor. 
Groups Count Sum Average Variance 
Ridge 377 5 0.013263 0.013122 
Inner 228 19 0.083333 0.076725 
Middle 401 41 0.102244 0.09202 
Outer 274 21 0.076642 0.071028 
 
Table 29: ANOVA analysis 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 1.67303 3 0.557677 9.059275 6.17E-06 2.611877 
Within Groups 78.54884 1276 0.061559    
       
Total 80.22188 1279         
 
Table 30: Tukey-Kramer analysis. 
 Absolute Std. Error Critical    
Comparison Difference of Difference Range Results   
Group 1 to Group 2 0.070071 0.01471869 0.0542 Means are different 
Group 1 to Group 3 0.088982 0.01258567 0.0464 Means are different 
Group 1 to Group 4 0.06338 0.01392753 0.0513 Means are different 
Group 2 to Group 3 0.018911 0.01455175 0.0536 Means are not different 
Group 2 to Group 4 0.006691 0.01572674 0.058 Means are not different 
Group 3 to Group 4 0.025602 0.01375099 0.0507 Means are not different 
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4) Using amount of diseased area per coral, comparing Ridge, Inner, Middle, 
and Outer reefs. 
 
The total number of coral individuals was compared to amount of diseased area 
for the ridge, inner, middle, and outer reef sites (p=0.36) (Table 31). Tukey-
Kramer analysis of the corridors revealed no difference between the means of the 
sites (Tables 32 and 33).  
 
Table 31: Summary of diseased area per corridor and the number of coral individuals found in 
each corridor. 
Reef Structure Individuals Diseased Area 
Ridge 377 159.73 
Inner 228 410.33 
Middle 401 1157.17 
Outer 274 596.84 
 
Table 32: ANOVA analysis. 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 1225.7 3 408.5668 1.084959 0.354378 2.611877 
Within Groups 480507.6 1276 376.5733    
       
Total 481733.3 1279         
 
Table 33: Tukey-Kramer analysis of the diseased area compared to the number of individuals 
found in each reef or ridge.  
 Absolute Std. Error Critical    
Comparison Difference of Difference Range Results   
Group 1 to Group 2 1.376006 1.15119627 4.2422 Means are not different 
Group 1 to Group 3 2.462024 0.98436626 3.6274 Means are not different 
Group 1 to Group 4 1.754561 1.0893171 4.0141 Means are not different 
Group 2 to Group 3 1.086018 1.1381395 4.194 Means are not different 
Group 2 to Group 4 0.378555 1.23003916 4.5327 Means are not different 
Group 3 to Group 4 0.707463 1.07550938 3.9633 Means are not different 
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Diversity 
Diversity measures were calculated for each corridor and reef to determine 
if there were correlations between the diversity and richness of a reef or corridor 
and the health of coral (Table 34). Margalef’s richness index (d) was used in the 
determination of species richness because of its simplicity. Both Shannon-Weiner 
(H’) and Simpson’s diversity index (1-λ) were used to discuss diversity because 
both work well with a small sample size.  
For both the middle reef and central corridor sites, lower species diversity 
was present with a higher number of diseased corals (H’ and 1-λ). Species 
richness (d) did not determine if diseased or bleached corals were found within a 
data set. 
 
Measures for corridor locations showed that the northern corridor had the 
highest species richness (d) but a lower diversity (H’ and 1-λ). The central 
corridor had the lowest species richness and high species diversity. The southern 
corridor had high species richness and the highest species diversity.  
 
Measures for reef locations showed that the ridge had the lowest species 
richness (d) and the lowest species diversity (H’ and 1-λ). The inner reef had the 
high species richness and diversity. The middle reef had high species richness and 
lower species diversity. The outer reef had the highest species richness and the 
highest species diversity. 
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Table 34: Diversity indices listed for individual sites, all sites by corridor, all sites by reef or 
ridges, and all sites. S Total number of species (richness); N total number of individuals; d 
Margalef’s richness index; J’ Piclou’s evenness index, H’ Shannon-Wiener diversity index; 1-λ 
Simpson’s diversity index. 
Site S N d J' H' 1-λ  Site S N d J' H' 1-λ 
CIC 2 9 49 2.06 0.80 1.76 0.78  SIC 3 14 79 2.98 0.82 2.17 0.86 
CIE 2 8 52 1.77 0.71 1.47 0.65  SIE 3 6 31 1.46 0.57 1.02 0.49 
CIS 2 8 23 2.23 0.80 1.66 0.76  SIS 3 9 32 2.31 0.84 1.85 0.82 
CMC 1 7 43 1.60 0.80 1.55 0.74  SMC 3 9 87 1.79 0.80 1.76 0.78 
CME 1 4 14 1.14 0.65 0.90 0.49  SME 3 11 50 2.56 0.75 1.81 0.80 
CMS 1 7 42 1.61 0.81 1.58 0.76  SMS 3 7 72 1.40 0.79 1.54 0.74 
COC 1 6 24 1.57 0.84 1.50 0.75  SOC 2 6 28 1.50 0.73 1.30 0.67 
COE 1 6 15 1.85 0.95 1.71 0.86  SOE 2 3 8 0.96 0.89 0.97 0.68 
COS 1 9 27 2.43 0.90 1.97 0.87  SOS 2 13 100 2.61 0.81 2.07 0.83 
CRC 3 4 6 1.67 0.90 1.24 0.80  SRC 2 6 39 1.36 0.85 1.53 0.76 
CRE 3 2 13 0.39 0.89 0.62 0.46  SRE 2 10 37 2.49 0.84 1.93 0.84 
CRS 3 5 13 1.56 0.88 1.42 0.77  SRS 2 9 64 1.92 0.65 1.44 0.65 
NMC 2 9 52 2.02 0.89 1.95 0.86  North  16 492 2.42 0.57 1.58 0.71 
NME 2 13 56 2.98 0.80 2.05 0.83  Central 10 265 1.61 0.70 1.62 0.71 
NMS 2 8 70 1.65 0.78 1.63 0.76  South 16 573 2.36 0.70 1.94 0.81 
NOC 2 8 37 1.94 0.94 1.95 0.86  Ridge 9 427 1.32 0.68 1.50 0.71 
NOE 2 7 26 1.84 0.86 1.67 0.81  Inner Reef 12 228 2.03 0.72 1.80 0.76 
NOS 2 13 51 3.05 0.86 2.22 0.89  Middle Reef 13 401 2.00 0.63 1.61 0.74 
NRC 3 2 33 0.29 0.33 0.23 0.12  Outer Reef 14 274 2.32 0.70 1.86 0.80 
NRE 3 3 90 0.44 0.11 0.12 0.04  All Sites 19 1330 2.50 0.63 1.87 0.78 
NRS 3 6 146 1.00 0.46 0.83 0.44          
 
MDS Analysis 
Data was also analyzed using clustering and MDS analysis. The number of 
coral species individuals was plotted against each site location. Cluster and MDS 
analysis did not reveal any consistent groupings of sites (Fig. 9 and 10) or patterns 
for coral disease presence (Figure 11). When sites are overlaid with reef/ridge or 
corridor locations, no clustering is apparent. A cluster of disease appears on MDS 
analysis but not when compared with the overlays for reef and ridge locations. 
The MDS plot grouping was influenced by the amount of Montastrea sp., S. 
siderea and S. intersepts at each site, since these species were the most common 
throughout the samples. Disease presence would be more common where these 
species occurred, since all three groups were found to have higher numbers of 
diseased individuals, (n=11, 51, and 10 respectively).   
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Figure 9: Dendrogram and MDS plots of sites based on the Bray-Curtis Similarity Index. Sample 
names are coded to represent site names. Data is based on the individual coral count per site. 
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Figure 10: MDS plot overlaid with (A) corridor location information and (B) reef location 
information. 
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A)  B)  
 
 
C)  D)  
 
E)  
 
Figure 11: Two-dimensional MDS bubble plots. The bubble size codes the selected disease 
abundance in the respective samples. A) All diseases. B) Bleaching. C) Dark Spot. D) Red Band 
Disease. E) Yellow Spot Disease. 
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V: Discussion  
 
Corridors 
 
Within corridors, there were an increased number of diseased individuals 
(n = 28) in the Central corridor with the lowest coral count (n = 265). This 
decreased number of coral and increased disease number may be influenced by 
the outflow of Port Everglades. There is a general south to north flow of the 
Florida current for the most part of the year (Soloviev, pers. comm.). The outflow 
of Port Everglades would be directed north for most of the year.  
Although not reviewed for this study, factors such as water quality, 
available light, nutrient enrichment and sedimentation may be influenced by the 
outflow of the port. The degraded water quality from Port Everglades that is 
directed northward, may reduce the coral count, as well as increase incidences of 
disease. Available light reaching the surface of the coral would be affected by 
nutrient enrichment and sedimentation. Nutrient enrichment may cause increased 
algal growth (Hunter, 1998). Nutrient enrichment was also suggested to increase 
coral pathogen fitness and virulence (Bruno et al, 2003). Sedimentation has 
several detrimental effects on corals, including inhibiting coral planulae 
settlement and development (Kornicker and Boyd, 1962) which would reduce 
coral count. 
 
  
Reefs 
 
Within reefs, the middle reef had then greatest number of bleached corals 
(n=34), followed by the outer, inner, and ridge (17, 12, and 6 respectively). Dark 
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spot was the most common disease found following bleaching, affecting one 
individual on the ridge, 6 on the inner reef, and 3 on the middle reef. Red band 
presence increased on the deeper reefs, no instances were found on the ridge and 
inner reefs, the middle reef had one individual diseased, and the outer reef had 2. 
Yellow blotch was present on all reefs but not the ridge.  
Evaluation by percentage shows that the middle reef had the highest 
percentage of diseased or bleached corals (10.2%). This is followed by the inner 
reef (8.3%), outer reef (7.6%), and the ridge (1.3%). 
 
Studies including water depth and coral disease presence have varied 
results, depending on the disease condition.  
Kuta and Richardson (2002) found that black band disease was present at 
sites that were significantly shallower than sites without black band disease, 
agreeing with previous studies (Ruzler et al. 1983, Antonius 1985). It has been 
suggested that the shallow distribution pattern of black band disease is a function 
of light limitation at deeper depths, since black band is dominated by a 
photosynthetic cynaobacterium (Antonius, 1981). If black band disease were to be 
found in this study, these results suggest it would have been found at shallower 
depths. 
Incidence of disease was also studied on sea fans Gorgonia ventalina 
throughout the Caribbean from, 1995 to 1996 by Nagelkerken et al. (1997) He 
found that incidence was positively correlated with water depth. It was suggested 
that these patterns may result from a decrease in wave action, which usually 
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declines with water depth, and the consequent reduction in the swaying motion of 
the sea fans, thus affecting success of pathogen attachment and establishment.  
 
Bleaching studies with the M. annularis species group by Down et al. 
(2002) found that bleaching was not a universal occurrence at high sea-surface 
temperatures, but was positively associated with depth. In this study, the greatest 
number of bleached coral, when all species were included, was found on the 
middle reef, followed by the outer, inner, then ridge. However, when Montastrea 
sp. bleaching is reviewed separately, the findings are similar to those of Down et 
al. Of the five bleached individuals of the Montastrea sp., two were found on the 
middle reef and three on the outer reef. Down attributed this finding to the higher 
levels of oxidative damage, especially protein carbonyl. There was a statistically 
significant negative correlation between carbonyl and chlorophyll a content, 
indicating that increased oxidative damage levels were associated with bleaching. 
 
 
Broward Overall 
Overall, the presence of disease and bleaching appeared to be random. 
There were no patterns of disease that were identifiable from the MDS analysis 
and no clumping of disease was detected. This was likely affected by coral 
coverage, water currents, etiology of disease, and abiotic stressors. 
 
Scleractinian coral coverage in Broward County is low at 1.5% when 
compared to other areas such as the Florida Keys at 7% or sites in Puerto Rico, 
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which range from 3.7-48.9% (Andrews et al, 2005). Coral coverage may affect 
the transmission of diseases. A greater percentage of coral cover could allow for 
disease clustering and easier transmission from host to host.  
The etiology of diseases affecting scleractinian corals may involves 
pathogens including bacteria, cyanobacteria, and protists (Sutherland et al, 2004). 
If diseases are spread through viruses and bacteria suspended in the water column, 
the current may affect distribution from north to south. During summer months 
there is a localized reversal in the general south to north flow of the Florida 
current in this area during late summer (Soloviev et al, 2003). Since coral diseases 
tend to be most active/transmitted during the summer months, this current reversal 
and resultant north to south flow, may contain disease to the southern areas, such 
as the Florida Keys. Transmittable diseases would have a harder time expanding 
into a northern range if currents are pushing them south. 
 
Diseases are also associated with abiotic stressors including temperature 
extremes, sedimentation, and water quality (Sutherland et al, 2004). Although 
these factors were not accounted for in this paper, they may be a factor in the 
disease rates seen in Broward County. 
Microbial pathogens associated with bacterial bleaching (Banin et al, 
2002) aspergillosis (Alker et al., 2001), and plague type II (Remily and 
Richardson, unpublished data), and black band disease (Kuta and Richardson, 
2002), all exhibit growth temperature optima at temperatures at or above 30˚C, a 
temperature at which corals become physiologically stressed (Fitt et al. 2001) and 
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thus potentially more susceptible to infection. The elevated temperature could 
result in intensified disease activity and in a decrease of the coral hosts’ defenses, 
causing an increase in the overall disease rate. Water temperature data was 
requested for this study, but not received at the time of publishing. 
Sedimentation on the coral causes an increase in energy expenditure.  
Apical cilia on the coral produce water flows that sweep mucus and trapped 
particles (sediment) off the coral colony. Peters (1984) found that the epidermis at 
the base or sediment margin of massive corals lacked mucous secretory cells, 
perhaps due to the constant work involved in trying to keep the sediment off of 
the coral. Bacterial diseases such as white plague and black-band disease typically 
start at tissue margins (Antonius 1985; Richardson et al 1998) where this defense 
could be weakened or nonexistent.  
Sedimentation also causes death of corals when they are (a) heavily coated 
or buried by sediments, (b) reducing coral growth potential directly, by abrasion 
and smothering, and by indirectly blocking light, (c) by inhibiting coral planulae 
settlement and development, and (d) modifying growth of corals, sometimes 
toward evolution of forms more resistant to sedimentation (Loya, 1976). The 
species present reflect the possibility of heavier sedimentation within the area of 
Broward County. Siderastrea siderea, Montastrea sp. and Meandrina meandrites 
were abundant species in this study. Loya (1976) also found these species present 
on the West Reef of Puerto Rico where heavy sedimentation occurs. Montastrea 
sp. is a major frame-builder of reefs and it reflects most of the morphological 
features typical of corals having greater efficiency in sediment rejection. Beach 
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renourishment projects would add to the sedimentation load on corals, both during 
the project and after as the beach is eroded again.  
 Poor water quality is suggested to undermine the health of corals (Peters, 
1997; Acosta, 2001). Kim and Harvell (2002) demonstrated positive correlations 
between the prevalence of aspergillosis and both elevated dissolved inorganic 
nitrogen and slightly lower water clarity. Kuta and Richardson (in press) found 
that black band disease incidence was correlated with elevated concentrations of 
nitrite (and lower concentrations of soluble reactive phosphate). Increased levels 
of nutrients in the water could be attributed to runoff water exiting through Port 
Everglades through other water outlets in the area. 
 
Bleaching on the reef was also random; however there is a clear 
correlation between coral bleaching and increased water temperature in published 
literature (Brown, 1997). Although mass coral bleaching events are often 
associated with increased sea-surface temperatures, spatial variation in the 
frequency and intensity of bleaching suggests both coral and their zooxanthellae 
vary in their individual responses to heat and light stress (Brown, 1997). For 
example, different species of coral have different temperature thresholds for coral 
bleaching (Huckerkamp et al, 2001). There is also significant variation among 
individuals of the same species in their threshold bleaching (Downs et al, 2002). 
This may explain why not all corals of a particular species (for example S. 
siderea) were found to be bleached at all sites.  
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Elevated water temperatures are also associated with outbreaks of dark 
spot (Gil-Agudelo and Garzon-Ferreira, 2001) and yellow blotch (Riegl, 2002). 
Water temperature for dates of this study is not yet available. 
 
 
Diversity 
In both hypotheses one and two, lower species diversity was present in 
areas with a higher number of diseased individuals (middle reef and central 
corridor). Kuta and Richardson (2002) and Bruckner et al. (1997) also found that 
black band disease was present in areas with statistically significant lower coral 
diversity in comparison with non-black band disease sites.  
Lower species diversity may be present because of area disturbance. 
Brown et al, 2002 in studies of Thailand reef flats suggested that under physical 
stresses the inner reef flat resembles other disturbed marine systems where the 
communities’ area is kept in early successional stages with a low species diversity 
(Warwick and Clarke, 1995) but possibly high genetic diversity (Nevo et al, 
1984).  
 
 
 
 
 
     - 50 - 
VI: Conclusion  
 Of the 1330 scleractinian coral individuals found, 88 showed signs of 
disease. 19 coral species, 3 diseases and bleaching were represented. Diseases 
affected 9 of the species. Bleaching was the most common disease noted in this 
survey, followed by dark spot, red band, and yellow band. 
Coral count was lowest and disease distribution was highest in the central 
corridor, north of Port Everglades. This may be due to the water quality and 
sedimentation that are influenced by the port.  
Disease distribution on the reef and ridge system appeared to be random. 
Increased bleaching of Montastrea sp. at greater depths did follow findings of a 
study done by Downs in 2002, suggesting a positive correlation with depth for 
this species.  
Disease distribution appears to be scattered on the reef system. No 
apparent patterns were found when grouped by reef or corridor locations. MDS 
cluster analysis revealed a clumping of disease, but this was not correlated with 
location, reef and ridge, or corridor. Sites with more disease susceptible species 
tended to be clumped together on the MDS, but the disease factor was not 
correlated with any specific location.  Factors such as the etiology of the disease, 
temperature extremes, sedimentation, and water movement may all play a role in 
this finding.  
 Species diversity may play a role in the amount of disease present. Lower 
species diversity may cause an area to me more susceptible to disease. The greater 
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number of species located within an area, the less affect a disease would have on a 
subset of those species. 
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VI: Appendices 
 
Coral Disease Summary 
Site 
Area of 
Disease 
Area of 
Coral Type of Coral 
Type of 
Disease 
CIC 2 32.46 32.46 Meandrina meandrites Bleaching 
CIC 2 5.15 10.36 Siderastrea siderea Bleaching 
CIC 2 0.61 13.5 Siderastrea siderea Bleaching 
CIC 2 8.97 46.95 Siderastrea siderea Bleaching 
CIC 2 37.31 81.75 Siderastrea siderea Bleaching 
CIE 2 13.88 43.78 Siderastrea siderea Dark Spot 
CIE 2 3.48 98.1 Siderastrea siderea Dark Spot 
CIE 2 111.27 111.27 Siderastrea siderea Dark Spot 
CIS 2 39.43 39.43 Siderastrea siderea Bleaching 
CIS 2 5.21 178.82 Siderastrea siderea Bleaching 
CIS 2 1.93 19.91 Siderastrea siderea Dark Spot 
CMC 1 0.75 5.01 Siderastrea siderea Bleaching 
CMC 1 7.78 10.95 Siderastrea siderea Bleaching 
CMC 1 7.96 19.57 Siderastrea siderea Bleaching 
CMC 1 7.01 69.3 Siderastrea siderea Bleaching 
CMC 1 2.24 92.71 Siderastrea siderea Bleaching 
CMC 1 4.45 121.82 Siderastrea siderea Bleaching 
CMS 1 2.27 44.77 Madracis decactis Red Band 
CMS 1 0.09 6.29 Siderastrea siderea Bleaching 
CMS 1 0.64 7.99 Siderastrea siderea Bleaching 
COC 1 2.14 8.25 Siderastrea siderea Bleaching 
COC 1 0.48 10.64 Siderastrea siderea Bleaching 
COE 1 68.78 68.78 Montastrea cavernosa Bleaching 
COE 1 3.34 3.34 Stephanocoenia intersepts Bleaching 
COS 1 5.64 114.68 Porites asteroides Red Band 
COS 1 100.88 100.88 Siderastrea siderea Bleaching 
CRS 3 0.95 3.47 Siderastrea siderea Bleaching 
CRS 3 12.56 16.34 Siderastrea siderea Bleaching 
NMC 2 4.69 4.69 Meandrina meandrites Bleaching 
NMC 2 29.53 29.53 Meandrina meandrites Bleaching 
NMC 2 416.92 416.92 Meandrina meandrites Bleaching 
NMC 2 444.08 444.08 Meandrina meandrites Bleaching 
NMC 2 6.04 31.22 Montastrea cavernosa Bleaching 
NMC 2 29.12 79.58 Montastrea cavernosa Yellow Blotch 
NMC 2 2.72 16.15 Siderastrea siderea Bleaching 
NMC 2 3.64 6.64 Stephanocoenia intersepts Bleaching 
NME 2 1.27 373.41 Diploria strigosa Bleaching 
NME 2 22.29 22.29 Meandrina meandrites Bleaching 
NME 2 19.3 19.3 Montastrea cavernosa Yellow Blotch 
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NME 2 1.78 1.78 Siderastrea siderea Bleaching 
NME 2 6.24 26.72 Siderastrea siderea Dark Spot 
NME 2 4.09 49.72 Siderastrea siderea Dark Spot 
NME 2 18.26 56.23 Siderastrea siderea Dark Spot 
NMS 2 12.62 12.62 Siderastrea siderea Bleaching 
NMS 2 1.39 17.56 Siderastrea siderea Bleaching 
NMS 2 2.56 18.99 Siderastrea siderea Bleaching 
NMS 2 3.15 26.15 Siderastrea siderea Bleaching 
NMS 2 13.42 38.92 Siderastrea siderea Bleaching 
NOC 2 5.75 204.7 Montastrea cavernosa Bleaching 
NOC 2 180.45 225.94 Montastrea complex Bleaching 
NOC 2 6.45 6.45 Siderastrea siderea Bleaching 
NOE 2 10.1 17.14 Siderastrea siderea Bleaching 
NOS 2 4.89 33.18 Porites asteroides Bleaching 
NOS 2 5.15 59.24 Porites asteroides Bleaching 
NOS 2 7.2 49.56 Porites asteroides Red Band 
NOS 2 11.95 19.3 Siderastrea siderea Bleaching 
NOS 2 19.94 19.94 Siderastrea siderea Bleaching 
NOS 2 3.3 3.3 Stephanocoenia intersepts Bleaching 
NRE 3 2.99 2.99 Siderastrea siderea Bleaching 
NRS 3 0.02 0.04 Siderastrea siderea Bleaching 
NRS 3 8.51 10.29 Stephanocoenia intersepts Bleaching 
SIC 3 18.49 1027.8 Montastrea cavernosa Yellow Blotch 
SIC 3 3.54 14.67 Porites asteroides Bleaching 
SIC 3 1.94 71.98 Porites asteroides Bleaching 
SIC 3 1.8 1.8 Siderastrea siderea Bleaching 
SIC 3 17.31 91.71 Siderastrea siderea Bleaching 
SIS 3 9.73 30.82 Colpophyllia natans Bleaching 
SIS 3 5.09 250.86 Siderastrea siderea Dark Spot 
SIS 3 92.73 288.55 Siderastrea siderea Dark Spot 
SMC 3 15.02 390.83 Montastrea cavernosa Bleaching 
SMC 3 5.61 13.42 Siderastrea siderea Bleaching 
SMC 3 9.1 64.96 Siderastrea siderea Bleaching 
SMC 3 3.01 15.7 Stephanocoenia intersepts Bleaching 
SMC 3 0.94 22.82 Stephanocoenia intersepts Bleaching 
SME 3 9.83 354.3 Montastrea complex Yellow Blotch 
SME 3 10.17 11.26 Stephanocoenia intersepts Bleaching 
SMS 3 9.04 9.04 Siderastrea siderea Bleaching 
SMS 3 7.09 30.03 Siderastrea siderea Bleaching 
SMS 3 3.3 131.43 Siderastrea siderea Bleaching 
SMS 3 2.06 6.99 Stephanocoenia intersepts Bleaching 
SMS 3 5.7 13.99 Stephanocoenia intersepts Bleaching 
SOC 2 123.91 293.44 Montastrea cavernosa Yellow Blotch 
SOS 2 12.63 246.23 Montastrea cavernosa Yellow Blotch 
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SOS 2 6.44 17.2 Siderastrea siderea Bleaching 
SOS 2 12.59 20.23 Siderastrea siderea Bleaching 
SOS 2 4.83 90.47 Stephanocoenia intersepts Bleaching 
SRE 2 142.17 1346.04 Diploria strigosa Bleaching 
SRS 2 1.06 4.79 Siderastrea siderea Dark Spot 
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Species causing similarities within groups and dissimilarities among groups based 
on Bray-Curtis similarity or dissimilarity indices in Corridor data. 
 
Species 
Contrib 
% 
Cum. 
%  Species 
Contrib 
% Cum. % 
       
Group Central Corridor    Groups Central Corridor  &  North Corridor 
Average similarity: 41.02    Average dissimilarity = 60.69   
Siderastrea siderea 48.43 48.43  Siderastrea siderea 31.24 31.24 
Stephanocoenia intersepts 16.71 65.14  Montastrea cavernosa 18.16 49.4 
Montastrea cavernosa 8.6 83.95  Solenastrea bournoni 10.67 60.07 
    Stephanocoenia intersepts 7.27 67.34 
Group North Corridor    Porites asteroides 7.19 74.54 
Average similarity: 41.65    Meandrina meandrites 4.35 89.91 
Siderastrea siderea 44.21 44.21  Dichocoenia stokesii 1.85 91.76 
Stephanocoenia intersepts 21.58 65.8     
Montastrea cavernosa 11.14 76.94  Groups Central Corridor  &  South Corridor 
    Average dissimilarity = 62.29   
Group South Corridor    Montastrea cavernosa 22.37 22.37 
Average similarity: 41.80    Siderastrea siderea 20.66 43.04 
Stephanocoenia intersepts 33.52 33.52  Stephanocoenia intersepts 18.88 61.92 
Siderastrea siderea 28.5 62.01  Porites asteroides 6.74 68.66 
Montastrea cavernosa 20.27 82.28  Montastrea complex 4.67 78.02 
Porites asteroids 4.93 87.21  Meandrina meandrites 4.49 82.51 
    Solenastrea bournoni 3.65 90.58 
       
    Groups North Corridor  &  South Corridor 
    Average dissimilarity = 59.24   
    Siderastrea siderea 25.03 25.03 
    Montastrea cavernosa 18.65 43.68 
    Stephanocoenia intersepts 13.46 57.13 
    Solenastrea bournoni 9.77 66.91 
    Porites asteroides 7 73.91 
    Meandrina meandrites 4.48 83.25 
    Montastrea complex 4.23 87.48 
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Species causing similarities within groups and dissimilarities among groups based 
on Bray-Curtis similarity or dissimilarity indices in Ridge-Reef  data. 
 
Species Contrib % Cum. %  Species Contrib % Cum. % 
       
Group Inner Reef    Groups Middle Reef  &  Outer Reef  
Average similarity: 46.77    Average dissimilarity = 55.84   
Siderastrea siderea 49.79 49.79  Siderastrea siderea 27.35 27.35 
Stephanocoenia intersepts 12.31 62.11  Montastrea cavernosa 18.23 45.58 
Porites asteroides 6.42 78.7  Stephanocoenia intersepts 16.11 61.69 
Montastrea cavernosa 5.95 84.65  Porites asteroides 7.53 69.22 
Solenastrea bournoni 3.99 88.64  Meandrina meandrites 5.96 88.35 
    Montastrea complex 3.15 91.49 
Group Middle Reef       
Average similarity: 56.15    Groups Inner Reef  &  Ridge   
Siderastrea siderea 47.25 47.25  Average dissimilarity = 65.55   
Stephanocoenia intersepts 14.42 66.67  Siderastrea siderea 31.28 31.28 
Montastrea cavernosa 6.79 89.88  Montastrea cavernosa 18 49.28 
Meandrina meandrites 6.68 96.56  Solenastrea bournoni 12.93 62.22 
    Porites asteroides 7.56 69.78 
Group Outer Reef    Stephanocoenia intersepts 7.02 76.8 
Average similarity: 50.81    Dichocoenia stokesii 2.92 88.43 
Montastrea cavernosa 32.61 32.61  Diploria strigosa 2.45 90.87 
Stephanocoenia intersepts 23.62 56.23     
Siderastrea siderea 19.36 75.59  Groups Middle Reef  &  Ridge   
Meandrina meandrites 5.96 88.87  Average dissimilarity = 66.84   
    Siderastrea siderea 28.64 28.64 
Group Ridge    Stephanocoenia intersepts 15.21 43.85 
Average similarity: 24.03    Montastrea cavernosa 13.81 57.66 
Siderastrea siderea 61.72 61.72  Solenastrea bournoni 11 68.66 
Montastrea cavernosa 12.54 74.26  Meandrina meandrites 5.97 81.22 
Stephanocoenia intersepts 10.44 84.71  Porites asteroides 4.43 91.09 
Solenastrea bournoni 5.08 89.79     
Dichocoenia intersepts 2.92 92.71  Groups Outer Reef  &  Ridge   
    Average dissimilarity = 68.73   
Groups Inner Reef  &  Middle Reef   Siderastrea siderea 28.39 28.39 
Average dissimilarity = 49.42    Montastrea cavernosa 20.95 49.33 
Siderastrea siderea 18.84 18.84  Solenastrea bournoni 12.35 61.68 
Montastrea cavernosa 17.74 36.58  Stephanocoenia intersepts 9.38 71.05 
Stephanocoenia intersepts 17.13 53.71  Porites asteroides 5.83 76.89 
Porites asteroides 2.56 4.77  Meandrina meandrites 4.02 80.9 
Meandrina meandrites 3.89 3.16  Montastrea complex 3.7 88.52 
Solenastrea bournoni 0.33 1.84     
Dichocoenia intersepts 3.35 89.03     
       
Groups Inner Reef  &  Outer Reef      
Average dissimilarity = 57.54       
Siderastrea siderea 26.45 26.45     
Montastrea cavernosa 22.73 49.18     
Porites asteroides 10.43 59.61     
Stephanocoenia intersepts 6.39 66     
Solenastrea bournoni 4.4 80.11     
Dichocoenia stokesii 3.78 83.89     
Meandrina meandrites 3.33 87.22     
Montastrea complex 2.49 92.31     
 
